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Description
Technical Field

[0001] The present invention relates to a method of preparing a dehydrogenation catalyst for a straight-chain-type
light hydrocarbon using a stabilized active metal complex, namely a dehydrogenation catalyst for a C;~C, straight-chain-
type hydrocarbon. More particularly, the present invention relates to a technique for preparing a catalyst configured such
that most metal components contained in the catalyst are uniformly distributed not in the form of individual metals but
in the form of an alloy in a support, thereby exhibiting a high conversion rate and selectivity when used for dehydrogenation.
In particular, the present invention is characterized by preparing a catalyst that exhibits high dispersibility and alloy
properties using an organic solvent and an organic acid upon metal loading.

Background Art

[0002] Typically, the dehydrogenation of light hydrocarbons is carried out using a catalyst configured such that active
components, such as platinum, tin, and alkali metal components, are supported on a molded ball support having pores
therein, such as gammal/theta/alpha alumina, zeolite, silica, and the like. The conversion rate and selectivity of dehy-
drogenation are important determinants of catalyst selection, and the catalyst is designed taking into consideration the
following. For active site control, an alkali metal (Li, Na, K, etc.) is introduced because platinum dehydrogenation intensity
is too strong, and tin is introduced in order to prevent catalyst activity from being deteriorated due to carbon deposition.
It is also important to uniformly distribute the active sites in the spherical support in order to improve the reaction rate
and durability. In general, the active material is uniformly distributed in spherical catalyst particles having a diameter of
2 mm in terms of material transfer and dispersion of the active material, thereby delaying the decrease in activity due
to the increase in the overall conversion rate and the suppression of sintering at high temperatures. Meanwhile, since
a C3~Cg4 hydrocarbon reaction proceeds at a high temperature, coke is generated in a very large amount even in a short
reaction time. When the reactant is easily released to the outside of the catalyst after reaction through contact with the
catalyst active sites, side reactions and coke deposition decrease. Therefore, the pores in the catalyst should be con-
figured such that the incidence of micropores is decreased and macropores are mostly present. From this point of view,
mainly useful as the catalyst support is an alumina support, the pore size of which may be adjusted. Specifically, gamma
alumina is vulnerable to coke deposition due to its small pore size, and it is known that side reactions occur due to the
acid sites of the support. For alpha-alumina, the extent of dispersion of the metal is inhibited to thus induce aggregation
of metals, whereby good selectivity may be obtained but the overall conversion rate may be lowered. Furthermore, in
the case where platinum in the catalyst is present alone, as the reaction progresses, rapid particle sintering takes place
due to the high temperature, and poisoning readily occurs due to the coke generated after the reaction. As such, when
tin is disposed beside the platinum, tin allows coke precursors adsorbed on the platinum to be easily moved to the
support. Hence, the formation of a platinum-tin alloy throughout the catalyst is regarded as very important.

Disclosure
Technical Problem

[0003] In the catalyst preparation according to a conventional technique, the thickness of active materials may be
adjusted to a desired level, but platinum and tin are sequentially supported, and thus the platinum-tin alloy form depends
only on the contact probability of the two active materials, and the alloy having the optimal platinum/tin molar ratio for a
desired reaction is present together with platinum alone or other alloys having different platinum/tin molar ratios. Typically,
when platinum, which provides active sites for the dehydrogenation reaction, and tin, which improves platinum stability,
are provided in the form of an alloy, the best results may be achieved. However, the conventional technique is problematic
in that side reactions occur during the reaction due to the presence of platinum alone or tin alone, in addition to the
platinum-tin alloy.

Technical Solution

[0004] Therefore, the presentinvention provides a dehydrogenation catalyst for a light paraffinic hydrocarbon, in which
active metals in a support are not present alone but are maintained uniform in the form of an alloy, thus significantly
increasing the paraffin conversion rate, olefin selectivity and durability, and also provides a method of preparing the
same. In the present invention, the fact that active metals are individually present in the support when directly supported
to the support, as in the conventional technique, thus resulting in an undesirable platinum-tin alloy ratio, is recognized,
and thus active materials, namely platinum and tin, are made in the form of an alloy using an organic solvent from the
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initial impregnation step and are also uniformly distributed in the support by the addition of an organic acid, thereby
completing a catalyst.

Advantageous Effects

[0005] According to the presentinvention, the consistent distribution of platinum and tin can be achieved, and platinum
and tin are present in the form of an alloy at a consistent platinum/tin molar ratio by reduction, thereby minimizing the
incidence of platinum alone and alloys having different platinum/tin molar ratios, ultimately improving durability and
selectivity.

Description of Drawings
[0006]

FIG. 1 shows the key process of the present invention compared to a conventional technique;

FIG. 2 is a flowchart showing the processing steps of the present invention;

FIG. 3 shows video microscopy images and electron probe microanalysis (EPMA) images of the catalysts of Example
1 according to the present invention and Comparative Example 1;

FIG. 4 shows video microscopy images of the catalysts of Examples 2 to 4 according to the present invention and
Comparative Example 2; and

FIG. 5 shows the results of evaluation of activity of the catalysts of Example 1 and Comparative Example 1 over time.

Best Mode

[0007] The presentinvention pertains to a dehydrogenation catalyst for a C3~C, straight-chain-type hydrocarbon, and
to a technique for preparing a catalyst configured such that metal components contained in the catalyst are uniformly
distributed in the form of an alloy in a support. The catalyst for dehydrogenation of a light hydrocarbon undergoes a
reaction at a relatively high temperature compared to a heavy hydrocarbon, whereby a large amount of coke is produced
due to pyrolysis and other side reactions. Accordingly, the rate of material transfer depending on the pore size and the
pore volume of the support may be regarded as the main factor during the corresponding reaction. Also, the active
metals of the catalyst have to be uniformly distributed throughout the catalyst to thus maximally decrease the rate of
deactivation due to coke. Also, when platinum is present alone in the support, it is easily covered with coke, and thus a
predetermined amount of tin always has to be present therearound. When the catalyst satisfying the above three con-
ditions is used, side reactions may be suppressed during dehydrogenation, and thus durability is increased, and further-
more, the conversion rate and selectivity of the catalytic reaction may be improved. The present inventors have confirmed
the preparation of a dehydrogenation catalyst for a light paraffinic hydrocarbon, in which active metals in the support
are not present alone but are maintained uniform in the form of an alloy, thereby greatly increasing the paraffin conversion
rate, olefin selectivity and durability. FIG. 1 shows the key process of the present invention compared to the conventional
technique, and FIG. 2 shows the flowchart of the process of the present invention. The method of the present invention
as shown in FIG. 2 is comprehensively described below.

1) Preparation of stabilized platinum-tin complex solution

[0008] A platinum-tin complex solution enables the easy precipitation of platinum in air due to the high reducibility of
tin. In the preparation of a complex solution, the selection of a solvent is very important. When water is used as the
solvent, platinum is reduced by tin and thus the platinum-tin precursor solution becomes very unstable, and consequently
platinum particles may precipitate, and thus the use thereof as the precursor is impossible. In the present invention, the
precursor solution is made stable over time using a solvent that may prevent tin reduction. Specifically, during the mixing
of platinum and tin precursors, these precursors are added to an organic solvent so as not to break a platinum-tin
complex, and hydrochloric acid is added to thus prepare a solution in an acid atmosphere. Next, in order to increase the
rate of penetration into the support, an organic acid is further added. As the organic solvent, any one or two selected
from among water, methanol, ethanol, butanol, acetone, ethyl acetate, acetonitrile, ethylene glycol, triethylene glycol,
glycol ether, glycerol, sorbitol, xylitol, dialkyl ether, and tetrahydrofuran may be sequentially used, or may be used in
combination. As the organic acid, any one or two selected from among carboxylic acids, such as formic acid, acetic acid,
glycolic acid, glyoxylic acid, oxalic acid, propionic acid, and butyric acid, may be used in combination. During the prep-
aration of the platinum-tin complex solution, agingin aninert gas atmosphere is performed to thus suppress decomposition
by oxygen and realize stabilization. Here, the inert gas may include nitrogen, argon, and helium, and preferably nitrogen
gas.
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2) Preparation of catalyst using stabilized platinum-tin complex solution and alkali metal

[0009] The supportis used by subjecting gamma-alumina to phase transformation into theta-alumina through thermal
treatment at 1000 to 1050°C for 5 hr in a firing furnace in order to increase the pore size and pore volume thereof. The
thermal treatment temperature is closely associated with the crystal phase of the support and the pore structure thereof.
If the thermal treatment temperature is lower than 1000°C, alumina has a crystal phase in which gamma and theta forms
are mixed, and the pore size of the support is small, thus decreasing the rate of diffusion of the reactant in the support.
On the other hand, if the thermal treatment temperature is higher than 1050°C, alumina has a crystal phase in which
theta and alpha forms are mixed. As such, the pore size is set so as to be favorable for the reaction, but during the
loading of active metals, the extent of dispersion of active metals distributed on alpha-alumina may decrease. During
the loading of active metals, a platinum-tin complex solution in an amount corresponding to the total pore volume of the
support is prepared, and is used to impregnate the support using a spraying process. After the impregnation process,
the catalyst is homogenized while the catalyst is allowed to flow in a nitrogen atmosphere, whereby the active metal
concentrations on the surface of the catalyst are made the same, followed by drying at 100 to 150°C for 24 hr. After the
drying, the organic material is removed at 200 to 400°C in a nitrogen atmosphere, followed by firing at 400 to 700°C in
air. If thermal treatment is carried out at a temperature of less than 400°C, the supported metal may not change into
metal oxide species. On the other hand, if thermal treatment is carried out at a temperature of higher than 700°C,
intermetallic aggregation may occur, and the activity of the catalyst is not high relative to the amount thereof. After the
firing, in order to suppress side reactions of the catalyst, the loading of an alkali metal is carried out. Specifically, potassium
is loaded to the pores in the support using the same spraying process as in the platinum-tin complex solution, dried at
100 to 150°C for 24 hr, and then fired at 400 to 700°C in air. Finally, after the firing, a reduction process is carried out
at 400 to 600°C using a hydrogen/nitrogen mixed gas (4%/96% ~ 100%/0%), thereby yielding a catalyst. During the
reduction process, if the reduction temperature is lower than 400°C, metal oxide species cannot be completely reduced,
and two or more kinds of metal particles may be individually present, rather than in the form of an alloy. On the other
hand, if the reduction temperature is higher than 600°C, aggregation and sintering of two or more kinds of metal particles
may occur, whereby the incidence of active sites may decrease and catalytic activity may be lowered. The reduction
process is carried out not in a heating reduction manner with hydrogen gas from a heating step, but in a high-temperature
reduction manner in which a nitrogen atmosphere is maintained until the temperature reaches the corresponding tem-
perature, after which hydrogen gas is introduced at the corresponding temperature.

[0010] The performance of the catalyst thus prepared was evaluated as follows. A method of converting a light paraffin
hydrocarbon into an olefin may be conducted in a manner in which the dehydrogenation catalyst according to the present
invention is used, and a hydrocarbon having 2 to 5 carbon atoms, and preferably 3 to 4 carbon atoms, including paraffin,
iso-paraffin, and alkyl aromatic material, is diluted with hydrogen, and may then be subjected to a gaseous reaction at
500 ~ 680°C, preferably 570°C, 0 ~ 2 atm, preferably 1.5 atm, and a LHSV (Liquid Hourly Space Velocity) of a paraffin
hydrocarbon of 1 ~ 40 h-1, and preferably 15 ~ 30 h-1. The reactor for producing olefin through dehydrogenation is not
particularly limited, and a fixed-bed catalytic reactor in which the catalyst is packed may be used. Also, since the dehy-
drogenation reaction is endothermic, it is important that the catalytic reactor be maintained adiabatic at all times. The
dehydrogenation reaction of the present invention should be carried out under conditions in which the reaction temper-
ature, pressure and liquid space velocity are maintained within appropriate ranges. If the reaction temperature is low,
the reaction does not occur, and if the reaction temperature is too high, the reaction pressure increases in proportion
thereto, and moreover, side reactions such as coke production, cracking, and the like, may occur.

Example 1: Preparation of catalyst using co-impregnation with platinum and tin in the presence of organic solvent

[0011] The support of Example 1 was used after phase transformation of a gamma-alumina support (made by BASF,
Germany, specific surface area: 210 m2/g, pore volume: 0.7 cm3/g, average pore size: 8.5 nm) into theta-alumina through
firing at 1020°C for 5 hr. The phase-transformed theta-alumina had physical properties such as a specific surface area
of 95 m2/g, a pore volume of 0.4 cm3/g, and an average pore size of 12 nm. A platinum precursor, chloroplatinic acid
(H,PtClg), and a tin precursor, tin chloride (SnCl,), were used, and chloroplatinic acid in an amount of 0.4 wt% based
on the total weight of the catalyst and tin chloride at a platinum/tin molar ratio of 1.5 were mixed in a nitrogen atmosphere.
Next, the platinum-tin mixture was added to a solvent in an amount corresponding to the total pore volume of the support
and thus dissolved. As the solvent, 95 wt% ethanol and 5 wt% hydrochloric acid were used. In order to impart flowability
of the platinum-tin alloy solution in the support, glyoxylic acid was further mixed in an amount of 3 wt% based on the
total amount of the solvent. The phase-transformed theta-alumina support was impregnated with the prepared platinum-
tin complex solution using an incipient wetness process. The platinum-tin-supported composition was dried at 100°C
for 24 hr and then thermally treated at 600°C for 4 hr in air, and thus active metals were immobilized. Next, potassium
nitride (KNO3) in an amount of 0.7 wt% based on the total weight of the catalyst was supported to the pores in the
alumina containing platinum and tin using an incipient wetness process, and the metal-supported composition was
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thermally treated at 570°C for 4 hr in air to thus prepare a metal-supported catalyst. The catalyst was reduced stepwise
in a manner in which the temperature was elevated to 570°C in a nitrogen atmosphere and then maintained for 4 hr
using a hydrogen/nitrogen mixed gas (4%/96%), thereby preparing a catalyst.

Example 2: Preparation of catalyst using co-impregnation with platinum and tin in the presence of organic solvent

[0012] The catalyst of Example 2 was prepared in the same manner as in Example 1, with the exception that upon
the preparation of the tin-platinum complex solution, only ethanol was used as the solvent.

Example 3: Preparation of catalyst using co-impregnation with platinum and tin in the presence of organic solvent

[0013] The catalyst of Example 3 was prepared in the same manner as in Example 1, with the exception that upon
the preparation of the tin-platinum complex solution, ethanol and hydrochloric acid at a weight ratio of 80:20 were used
as the solvent.

Example 4: Preparation of catalyst using co-impregnation with platinum and tin in the presence of organic solvent

[0014] The catalyst of Example 4 was prepared in the same manner as in Example 1, with the exception that upon
the preparation of the tin-platinum complex solution, glyoxylic acid was not added to the solvent.

Comparative Example 1: Preparation of catalyst using sequential impregnation with platinum and tin in the absence of
organic solvent

[0015] The support of Comparative Example 1 was used after phase transformation of gamma-alumina into theta-
alumina through firing at 1020°C for 5 hr, as in Example 1. As a platinum precursor, chloroplatinic acid (H,PtClg) was
used, and platinum in an amount of 0.4 wt% based on the total weight of the catalyst was diluted with deionized water
in an amount corresponding to the total pore volume of the support, and was then used to impregnate the support through
an incipient wetness process. The platinum-supported composition was thermally treated at 600°C for 4 hr in air, and
thus the active metal was immobilized. Furthermore, tin chloride (SnCl,) at a platinum/tin molar ratio of 1.5, serving as
a tin precursor, was supported to the pores in the platinum-supported alumina using an incipient wetness process, and
the metal-supported composition was thermally treated at 600°C in air to thus immobilize the active metal. Next, potassium
nitride (KNO3) in an amount of 0.7 wt% based on the total weight of the catalyst was supported to the pores in the
alumina containing platinum and tin using an incipient wetness process, and the metal-supported composition was
thermally treated at 570°C for 4 hr in air, thus preparing a metal-supported catalyst. The catalyst was reduced in a
manner in which the corresponding temperature was maintained for 4 hr using a hydrogen/nitrogen mixed gas (4%/96%),
thereby yielding a catalyst.

Comparative Example 2: Preparation of catalyst using co-impregnation with platinum and tin in the absence of organic
solvent

[0016] The catalyst of Comparative Example 2 was prepared in the same manner as in Example 1, with the exception
that upon the preparation of the platinum-tin complex solution, deionized water was used as the solvent in lieu of
ethanol/glyoxylic acid.

[0017] FIG. 3 shows the video microscopy images and EPMA images of the catalysts of Example 1 according to the
present invention and Comparative Example 1. The images of (a) show the cross-section of the catalyst of Example 1
prepared using the tin-platinum alloy solution and the distribution of platinum and tin in the support, and the images of
(b) show the cross-section of the catalyst of Comparative Example 1 prepared using individual platinum and tin solutions
and the distribution of platinum and tin in the support. Based on the results of analysis of the metal distribution in the
catalyst, in the catalyst of Example 1, prepared using the platinum-tin alloy solution, metals were distributed in a very
uniform arrangement, but in the catalyst of Comparative Example 1, prepared using the conventional process, platinum
and tin were locally non-uniform, and thus it is considered that the PtSn alloy ratio is low and the platinum/tin molar ratio
varies depending on the position of the catalyst.

[0018] FIG. 4 shows the video microscopy images of the catalysts of Examples 2 to 4 according to the presentinvention
and Comparative Example 2. The image of (a) shows the cross-section of the catalyst of Example 2, prepared using
the platinum-tin alloy solution in which only the ethanol is used as the solvent, the image of (b) shows the cross-section
of the catalyst of Example 3, prepared using the platinum-tin alloy solution in which the ethanol/hydrochloric acid ratio
is varied, the image of (c) shows the cross-section of the catalyst of Example 4, prepared using the platinum-tin alloy
solution in which glyoxylic acid is not added, and the image of (d) shows the cross-section of the catalyst of Comparative
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Example 2, prepared using the platinum-tin alloy solution in the absence of the organic solvent. Based on the results of
analysis of the metal distribution in the catalyst, in Example 2, in which hydrochloric acid was not added to the solution,
the outside of the support was impregnated with the active metals, and in Example 3, in which an excess of hydrochloric
acid was added to the solution, the outer active metals were introduced into the support, and thus the inner active metal
concentration was increased. In Example 4, in which glyoxylic acid was not added, complete inner saturation of the
support with the active metals was not realized. However, when the deionized water was used as the solvent for the
platinum-tin alloy solution, as shown in FIG. 4(d), the inner active metals included a high-concentration metal layer in
the middle position, and were thus non-uniformly distributed.

Test Example 1: Evaluation of catalyst performance

[0019] In order to measure the activity of the catalyst, a dehydrogenation reaction was carried out, and a fixed-bed
reaction system was used as a reactor. Specifically, 3.0 g of the catalyst was placed in a tube-shaped reactor, and
hydrogen gas was allowed to uniformly flow at a rate of 100 cc/min so that the catalyst was reduced at 570°C for 1 hr.
Subsequently, the temperature of the reactor was uniformly maintained at 570°C, after which a gas mixture of propane
and hydrogen at a volume ratio of 1:1 as the reaction feed was continuously supplied into the reactor at a constant rate,
and the liquid space velocity was set to 21 h-1. The reaction pressure was maintained at 1.5 atm using a pressure
regulator. The material produced after the reaction for 3 hr was cooled to a temperature of 4°C or less and stored, and
the product taken out of the reactor was transferred to a gas chromatograph through a line wound with a thermal line,
and quantitative analysis was carried out using an FID (Flame lonization Detector) and a TCD (Thermal Conductivity
Detector). The propane conversion rate and propylene selectivity of the product were calculated based on the following
equations. The properties of the products using the above catalysts are summarized in Table 1 below.

Propane conversion rate (%) = [propane mol before
reaction - propane mol after reaction]/[propane mol before

reaction] x 100

Propylene selectivity (%) = [propylene mol in

product]/[product mol] x 100
Propylene yield (%) = [propane conversion rate] X
[propylene selectivity]/100

[0020] The results of activity test of the catalysts of Examples 1 to 4 and Comparative Examples 1 and 2 are shown
in Table 1 below.

[Table 1]
No. Metal distribution in support Propane conversion Propylene Propylene
(800 pm radius) rate (%) selectivity (%) yield (%)
Pl(a}ilrr:;m Tin (wm)

1hr 3hr 1hr 3hr 1hr 3 hr
Example 1 Outer 800 Outer 800 36.2 35.9 94.7 94.9 343 34.1
Example 2 Outer 70 Outer 70 36.4 33.1 94.2 94.4 343 31.2
Example 3 Inner 600 Outer 800 34.3 33.5 93.5 93.6 321 314
Example 4 Outer 600 Outer 600 35.9 34.9 93.6 93.8 33.6 327
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(continued)
No Metal distribution in support Propane conversion Propylene Propylene
’ (800 wm radius) rate (%) selectivity (%) yield (%)
Platinum
Tin (pm
(um) (nm)
1hr 3hr 1hr 3 hr 1hr 3 hr
Comparative Outer 800 Outer 800 36.2 35.0 926 | 929 | 335 | 325
Example 1
Comparative Outer 700 Outer 400 36.4 34.3 904 | 908 | 329 | 31.1
Example 2
Conclusion

[0021] As is apparent from Table 1, the catalyst of Example 1, in which platinum-tin was uniformly alloyed, exhibited
the highest initial activity and durability. When the thickness of the platinum-tin alloy in the support was low (Examples
2 and 4), the initial conversion rate was high, but rapid deactivation occurred over time. Although not theoretically limited,
platinum active sites present on the catalyst were distributed outside at high density, and thus platinum dispersibility
was lowered, and most of the active sites were exposed to a large amount of coke produced during the reaction, and
after 3 hr, the overall conversion rate was lowered, from which the durability of the catalyst is regarded as poor. Upon
the preparation of the platinum-tin alloy solution, when a predetermined amount or more of hydrochloric acid was con-
tained (Example 3), tin was uniformly distributed in the support, but platinum was excessively diffused inwards, and thus
the platinum concentration on the surface of the catalyst was considerably lowered, whereby the overall conversion rate
was decreased. In Comparative Example 1, both platinum and tin were uniformly distributed in the catalyst, but poor
durability resulted. This is deemed to be because the platinum/tin molar ratio was locally varied and thus an overall non-
uniform reaction occurred, thus lowering selectivity. Hence, the initial activity was the same as in Example 1 but after 3
hr, considerable deactivation occurred, and thus low propylene yield was observed. In Comparative Example 2, due to
the platinum present alone in the catalyst, side reactions such as cracking or the like occurred to a considerable extent
and thus the conversion rate was increased but the propylene selectivity was lowered. Accordingly, the distribution of
platinum and tin and the alloy state thereof can be found to have a great influence on the conversion rate and selectivity
in the propane dehydrogenation. Moreover, in order to exhibit high catalytic activity, upon the preparation of the platinum-
tin alloy solution, the inclusion of organic solvent/hydrochloric acid/organic acid and the ratio thereof are regarded as
important.

Test Example 2: Evaluation of long-term activity of catalyst

[0022] The reactant was dehydrogenated for 12 hr using the catalysts of Example 1 and Comparative Example 1
under the same conditions as in Test Example 1. The results are shown in FIG. 5 and Table 2 below.

Table 2: Results of evaluation of activity of catalyst of Example 1 and Comparative Example 1

[0023]
[Table 2]
T.0.S Propane conversion rate (%) Propylene selectivity (%) Propylene yield (%)
(hr)
Example Comparative Example Comparative Example Comparative
1 Example 1 1 Example 1 1 Example 1

1 36.2 36.2 947 92.6 343 33.5

2 36 35.6 94.9 92.9 342 33.1

4 348 345 95.3 93.8 33.2 324

6 33.6 32.9 95.5 94.5 321 31.1
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(continued)
T.0.S Propane conversion rate (%) Propylene selectivity (%) Propylene yield (%)
(hr)
Example Comparative Example Comparative Example Comparative
1 Example 1 1 Example 1 1 Example 1

8 322 31.1 95.7 94.8 30.8 29.5

10 31.2 29.6 95.7 95 29.9 28.1

12 30 27.3 95.8 95.2 28.7 26.0

Conclusion

[0024] As is apparent from Table 2, initial conversion rate and selectivity of the two catalysts started from the same
levels, but the catalyst of Example 1 was found to exhibit superior propane conversion rate and durability compared to
the catalyst of Comparative Example 1 over time.

Claims

10.

1.

A dehydrogenation catalyst for use in dehydrogenation of a hydrocarbon gas, configured such that platinum, an
auxiliary metal, and an alkali metal are supported to a phase-transformed support, and the platinum and the auxiliary
metal are uniformly present in a form of a single complex in the catalyst using an organic solvent and an organic acid.

The dehydrogenation catalyst of claim 1, wherein a molar ratio of platinum and auxiliary metal in the complex of
platinum and auxiliary metal is 1.5 ~ 5.

The dehydrogenation catalyst of claim 1, wherein the support is spherical and the complex of platinum and auxiliary
metal is uniformly distributed in a form of a complex from an outer surface of the support to a center of the support.

The dehydrogenation catalyst of claim 1 or 2, wherein the support has mesopores of 5 ~ 10 nm and macropores of
10 ~ 100 pm.

The dehydrogenation catalyst of claim 1 or 2, wherein the catalyst is configured such that, based on a total weight
of the catalyst, 0.1 ~ 1.0 wt% of the platinum, 0.05 ~ 0.75 wt% of the auxiliary metal, and 0.1 ~ 2.0 wt% of the alkali
metal are supported to the support.

The dehydrogenation catalyst of claim 1 or 2, wherein a precursor solution of platinum and auxiliary metal further
includes an inorganic acid component including hydrochloric acid, nitric acid or sulfuric acid.

The dehydrogenation catalyst of claim 1 or 2, wherein the auxiliary metal is selected from the group consisting of
tin, germanium, gallium and manganese.

The dehydrogenation catalyst of claim 1 or 2, wherein the alkali metal or alkaline earth metal is selected from the
group consisting of potassium, calcium, sodium, magnesium and lithium.

The dehydrogenation catalyst of claim 1 or 2, wherein the support is selected from the group consisting of alumina,
silica, zeolite and combinations thereof.

A method of dehydrogenating a hydrocarbon, comprising bringing a hydrocarbon gas into contact with the catalyst
of claim 1 or 2 under dehydrogenation conditions.

The method of claim 10, wherein the hydrocarbon gas includes a hydrocarbon gas containing 2 to 6 carbon atoms
suitable for dehydrogenation.
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